The aim of the current study was to use a network meta-analysis on data from randomized comparative clinical trials (RCT) and nonrandomized clinical trial studies to assess the efficacy and safety of currently used treatment for varicoceles in order to provide better guidance for treatment choices.
INTRODUCTION
A varicocele is defined as abnormal dilated and tortuous veins in the scrotum. They are present in 15%-20% of the male population, and in up to 35% of patients with male infertility. 1 Varicoceles are now recognized as the most surgically correctable cause of male infertility. 2 The exact pathophysiologic association between reduced male fertility and varicocele is still unknown. Several postulated causes include increased reactive oxidative species, sperm DNA damage, increased scrotal temperature, and reduced the supply of oxygenated blood and nutrients. [3] [4] [5] [6] Several surgical approaches have been used for varicocele including open surgical ligation of the spermatic vein, and microsurgical and laparoscopic varicocelectomy. Each technique has its own advantages and disadvantages, and conflicting results have been reported in various studies. [7] [8] [9] Until date, there is no consensus as to which technique should be considered the "gold standard. "
In recent times, new meta-analytic methods-network or mixed treatment comparisons meta-analysis have become available that allow complete assessments across various treatments. [10] [11] [12] Network meta-analysis is a fairly new statistical technique that allows both direct and indirect comparisons to be undertaken, even when two of the strategies have not been directly compared.
ORIGINAL ARTICLE
Inguinal and subinguinal micro-varicocelectomy, the optimal surgical management of varicocele: a meta-analysis tested <3 times, patients with azoospermia, crypto-ozospermia. Exclusion criteria for complications were: follow-up <3 months, not confirmed by proper examination, insufficient data, more than one treatment per arm. All patients with prior surgery for varicoceles or congenital diseases (e.g. Klinefelter, Y chromosome deficiency) or endocrine diseases (e.g. Kallmann syndrome, hypercorticoidism) were excluded.
We identified RCTs and non-RCTs that evaluated the efficacy and safety of surgical ligation, therapeutic embolization and sclerotherapy treatment methods for varicocele reported from 1966 to August 5, 2013 . Observational studies were pooled into the analysis only when there were complications or particular treatment. We searched PubMed, Embase, the Cochrane Collaboration's Database of Systematic Reviews, and Scopus using the MeSH terms: "varicocele, " "varicocelectomy, " "ligation, " "embolization, " "therapeutic, " "sclerotherapy, " "human. " In addition, we reviewed the reference lists of all the previous meta-analyses. Studies published in any language were eligible for inclusion.
Study selection
Study eligibility was independently determined by two authors. Titles and abstracts were used to screen for initial study inclusion. Full-text reviews were carried out on the remaining papers. Discrepancies were resolved by discussion.
Evaluation for bias
We scored these non-RCT studies using a modified Newcastle-Ottawa Quality Assessment Scale 15 and assessed risk of bias from for each included RCTs by Cochrane Collaboration's tool which includes the selection, performance, attrition, detection, and reporting bias. Evaluation was done by two independent assessors to improve the validity.
Data extraction and management
Two reviewers performed data extraction independently. Disagreements were resolved by discussion and consensus. Population information and study characteristics such as the specific intervention were extracted independently using standard data extraction forms. For multiple reports of the same study, duplicated data were removed. We imputed missing standard deviations (s.d.) of mean changes for each treatment using the largest s.d. reported in the set of included studies for each outcome.
Subgroup analysis
Where data were available, we conducted a subgroup analysis with more strictly defined inclusion criteria: studies that included men with abnormal semen, clinical varicocele to determine the efficacy of various types of varicocelectomies and other modalities.
Statistical analysis
We did network meta-analyses within a Bayesian framework using Markov chain Monte Carlo (MCMC) methods in Just Another Gibbs Sampler and programming language R, version 3.0.1 (R Foundation for Statistical Computing, Vienna, Austria.). 16 We modeled the binary outcomes in each treatment group of every study, and specified the relationships among odds ratios (ORs) across studies making various comparisons. This method combines direct and indirect evidence for any given pair of treatments. Convergence was checked after every outcome analysis using diagnostic tools as described by Raftery and Lewis 17 and diagnostic plots (trace, density, autocorrelation) from MCMC simulations. Heterogeneity was evaluated using I 2 -statistics. Inconsistency was estimated within each outcome analysis. We did sensitivity analyses according to age range (including only studies with patient age >14) and study designs (RCTs only).
RESULTS
A total of 157 articles were identified through the electronic and manual searches of references (Figure 1 ). Of these, 95 were judged to be relevant according to the review of the abstracts and titles. More studies were eliminated because of use of inadequate study designs, and lack of relevance of measured outcomes. RCTs were assessed using a risk of bias table, and non-RCT studies were scored by the Newcastle-Ottawa Quality Assessment Scale. 15 After scoring, 35 studies (12 observational studies and 23 RCTs) qualified for inclusion (Figure 2 , and was not stated in the other studies. Normozoospermic men from infertile couples (normal semen density, motility and morphology) were evenly distributed in different groups. Blinding is difficult to implement in surgical trials, and only one trial stated that it was double-blinded. However, blinding is not likely to have a great effect on objective outcomes such as pregnancy rates, semen parameters, recurrence and hydrocele formation rates. Although semen analysis results may be influenced by testicular volume and female age, unfortunately, the original articles did not report on these data, and that is a limitation of the current study.
Efficacy outcomes

Pregnancy rate
Seventeen studies and 2042 subjects were eligible for analyses of pregnancy rates. 7, 8, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] The networks are provided in the online appendix (Supplementary Figure 1) . Patients who had undergone 
Sperm density and sperm motility
Twelve studies 7, 8, 18, 20, 22, 23, 26, 28, 30, 31, 33, 34 with 1900 subjects, and 13 studies 7, 8, 18, 20, 22, 23, 26, 28, 30, 31, 33, 35, 36 with 1964 subjects were included in the network meta-analysis of sperm density and sperm motility. Because Zucchi et al. 36 reported sperm density in a median (range) form, and sperm motility in mean (s.d.) form, that study was not included in the analysis of sperm density. Figure 4 shows forest plots of each treatment assessed against expectant therapy or no treatment in terms of sperm density and sperm motility. Inguinal, subinguinal microsurgery, laparoscopic techniques ranked among the top three.
Compared with retroperitoneal open surgery, inguinal microsurgery showed noticeable improvement of sperm density (mean difference (MD): 10.6, 95% confidence interval (CI): 1.92-19.6) and sperm motility (MD: 9.09, 95% CI: 4.88-13.3). Subinguinal microsurgery also improved sperm motility by 7.98% (95% CI: 2.28-11.5).
Subgroup analysis of pregnancy rate, sperm density and sperm motility This subgroup analysis was restricted to men with clinical varicoceles, and abnormal semen analyses (azoospermia excluded) (Supplementary  Figure 2) . Patients who had undergone subinguinal and inguinal microsurgery, inguinal open surgery and laparoscopic surgery had a significant advantage over those who had undergone expectant therapy in terms of pregnancy rate. However, the precision was low. The semen parameters also demonstrated similar results. Overall, this subgroup analysis also favored inguinal and subinguinal microsurgery over other treatment, but the difference was not statistically significant due to a small number of studies.
Adverse events outcomes
Twenty-three studies 7, 8, 18, 20, 21, 26, 28, 29, 31, 33, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] were included in the network meta-analysis of recurrent varicocele. The odds of recurrent varicocele were significantly lower after subinguinal and inguinal microsurgery compared with retroperitoneal open surgery (OR = 0.05, 95% CI: 0.01-0.19 and OR = 0.06, 95% CI: 0.01-0.16). There were no significant differences between various other treatments and retroperitoneal varicocelectomy (Figure 5a) .
Twenty-three studies 7, 8, 18, 20, 21, 26, 28, 29, 33, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] 49 were included in the network meta-analysis of hydrocele formation. The incidence of hydrocele was relatively low. There was no hydrocele formation reported with inguinal microsurgery according to two studies. The upper 95% CI of OR against retroperitoneal open surgery was 0.08. The incidence of hydrocele after retrograde sclerotherapy was reported in only one study. Because the sample size was limited, this study was excluded from this section of the analysis. Subinguinal microsurgery again outperformed retroperitoneal open varicocelectomy (Figure 5b) . Tauber antegrade sclerotherapy was found to be associated with the lowest risk of hydrocele formation compared with retroperitoneal open varicocelectomy.
Twenty-three studies 7, 8, 18, 20, 21, 26, 28, 29, 31, 33, [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] 48, 49 with 5851 subjects were included in the network meta-analysis of overall complication (Figure 5c ). The odds of overall complications, compared with retroperitoneal open varicocelectomy, were lowest for inguinal microsurgery (OR = 0.07, 95% CI: 0.02-0.19), followed by subinguinal microsurgery (OR = 0.09, 95% CI: 0.02-0. 19 ). Inguinal open and laparoscopic surgery were associated with lower risks of overall complications. Although there was a tendency for relatively low risks of overall complications for Tauber sclerotherapy, the failure rate is not negligible.
A sensitivity analysis of the study type, and the patient age did not show any major change in recurrence, hydrocele formation, or overall complications (Supplementary Table 2) . However, the difference was not statistical significant due to the small number of studies.
Overall, heterogeneity was found to be moderate, although, in the direct comparisons of overall complications, we found I 2 values higher than 70% for the comparisons of laparoscopic surgery and Tauber sclerotherapy (I 2 = 79.8%). Only three studies were included in that meta-analysis.
DISCUSSION
Recent meta-analyses have raised interest in the choice of treatment for varicocele. Cayan et al. 50 reviewed pregnancy rates, recurrence and hydrocele formation rates among various techniques, and found that open microsurgical inguinal or subinguinal varicocelectomy techniques resulted in higher pregnancy rates, and fewer recurrences and postoperative complications compared with conventional varicocelectomy techniques in infertile men. These data are consistent with the current results.
In the current network analysis, microsurgical inguinal varicocelectomy showed a slight advantage over the subinguinal technique. Hopps et al. 51 concluded that the anatomy using a subinguinal approach is far more complicated, and is associated with a greater number of internal spermatic veins and arteries compared with the inguinal approach. Any damage to the lymphatic drainage during the excess dissection of the cord structures may increase the possibility of hydrocele. However, the subinguinal approach still outperformed conventional open retroperitoneal surgery in terms of rates of development of hydrocele. Microsurgical inguinal surgery is technically easier, but some reports have stated that the opening of the aponeurosis of the external oblique results in more pain, and a longer recovery period. 28 The most important issue is whether patients with subclinical varicocele and one or more abnormal semen parameters benefit from surgical repair. A prospective randomized trial compared the effect of unilateral surgical repair of left clinical varicoceles. Subclinical varicocelectomy had an improvement in sperm density (P < 0.006), and total motile sperm counts (P < 0.008), but had no beneficial 23 Another randomized trial compared surgical repair in infertile men with clinical left and subclinical right varicoceles. 52 Left and bilateral repairs resulted in improvements in sperm concentration, motility, but no significant difference of pregnancy rates. In the current analysis, retroperitoneal ligation method did not achieve an average efficacy. Pregnancy rates can be easily biased by the influence of female partners in the infertile couple population. The studies, however, are not sufficiently conclusive to recommend for or against subclinical varicocele repair. 53 Postoperative hydrocele formation with its associated accumulation of high-protein fluid can be a potential problem with any technique used for varicocele ligation. Liang et al. 54 found that lymphatic-sparing laparoscopic varicocelectomy is valuable in reducing the incidence of the postoperative hydrocele, with similar incidences in children and adolescents. However, the most important clinical implication of the results is the low odds of hydrocele formation using minimally invasive procedures like Tauber antegrade sclerotherapy, and embolization. Radiologic embolization (balloon or coil) or sclerotherapy of spermatic veins was found to have a failure rate of 19.8%, 17% respectively in the current studies. We did not include unsuccessful interventions in the overall complication rates. Radiation exposure is another disadvantage of the procedure.
Retroperitoneal (Palomo's) technique is one of the most widely used methods. However, the current study showed that it is also the least efficacious treatment, with relative high risk of recurrence and hydrocele formation. That treatment of varicocele aims to block the internal spermatic vein. However, the external spermatic vein has been found to be dilated in 16%-74% of cases. 55 This vein cannot be approached by retroperitoneal or laparoscopic techniques and therefore, subinguinal or inguinal approaches are preferred. In addition, varicocelectomy performed without using magnification may result in recurrence because of the difficulty in visualization of small branches of the internal spermatic vein, proven to be present radiologically. 56 There are several limitations to the current study. We did not investigate some important complications such as testicular atrophy, prolonged pain, epididymoorchitis. Some complications like inferior epigastric arterial bleeding, subcutaneous emphysema are only associated with laparoscopic procedures. According to Cayan et al. 50 a pooled complication rate with laparoscopic approaches was found to be 7.45%. As for Tauber's technique, the complication rates reported were between 0% and 14%. The common complications were scrotal hematoma (1.5%-2.2%) and epididymoorchitis (0.5%-2%). Postembolization complications included contrast extravasation, vascular perforation, coil migration, and allergy to contrast agents.
Due to ethical limitations and characteristics of surgical trials, most trials were not blinded. In addition, some trials did not disclose methods of randomization. Most of RCTs included were not of good quality. With limited information, we could not evaluate the impact of the learning curve, which may have potentially biased the results. For semen parameters, many studies did not report s.d. of mean changes. We imputed missing s.d. of mean changes for each treatment using the largest s.d. reported in the set of included studies for each outcome. As a consequence, conservative results had poor precision. Another limitation of our analysis is that the method for detecting publication bias is not well established. In one study which used a crossover design, only the data before crossover were used. The effectiveness and safety of several surgical techniques were well estimated. However, retrograde sclerotherapy was evaluated in only two trials. Thus, the result of retrograde sclerotherapy may not be as robust as that of other techniques. The studies included in the present analysis of varicocele treatment were moderately heterogeneous. Restriction to men with clinical varicoceles, an abnormal semen analysis did not lower the heterogeneity.
In patients with subfertility or abnormal sperm parameters, various surgical approaches and embolization/sclerotherapy have led to improvements in pregnancy rates, and sperm counts and motility. Inguinal and subinguinal micro-varicocelectomy had the highest pregnancy rates, and significant increases in sperm parameters. In all patients after various varicocelectomy or embolization/sclerotherapy, inguinal and subinguinal micro-varicocelectomy were associated with low odds of recurrence, hydrocele formation and overall complications. Tauber antegrade sclerotherapy was associated with lower odds of hydrocele formation. Larger properly conducted RCTs of varicocele treatment in men with varicocele and sperm defects are needed to confirm these results.
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